Evidence suggests that physical activity has a beneficial effect of elevated high-density lipoprotein cholesterol (HDL-C) on reducing coronary artery risk. However, previous studies show contrasting results for this association between different types of exercise training (i.e., aerobic, resistance, or combined aerobic and resistance training). The aim of this study was to determine which type of exercise training is more effective in increasing HDL-C levels. Forty obese men, age 18-29 yr, were randomized into 4 groups: an aerobic-training group (n = 10), a resistance-training group (n = 10), a combined-exercise-training group (n = 10), and a control group (n = 10). After a 12-wk exercise program, anthropometrics, blood biochemical variables, and physical-fitness components were compared with the data obtained at the baseline. Multiple-regression analysis was used to evaluate the association between different types of exercise training and changes in HDL-C while adjusting for potential confounders. The results showed that with the control group as the comparator, the effects of combined-exercise training (β = 4.17, p < .0001), aerobic training (β = 3.65, p < .0001), and resistance training (β = 2.10, p = .0001) were positively associated with increase in HDL-C after adjusting for potential confounders. Our findings suggested that a short-term exercise program can play an important role in increasing HDL-C levels; either aerobic or resistance training alone significantly increases the HDL-C levels, but the improvements are greatest with combined aerobic and resistance training.
Although statin therapy reduces the incidence of coronary artery disease (CAD) by approximately 30%, substantial residual cardiovascular risk remains, even with very aggressive reductions in blood concentrations of low-density lipoprotein cholesterol (LDL-C; Cannon et al., 2004; Downs et al., 1998) . Our previous study showed that subjects with lower levels of high-density lipoprotein cholesterol (HDL-C) have a much higher risk of CAD than those with higher levels of LDL-C (Huang et al., 2010) . Observational studies have shown that each 1-mg/ dl decrease in plasma HDL-C concentration is associated with a 2-3% increased risk of CAD (Chapman, Assmann, Fruchart, Shepherd, & Sirtori, 2004; Tulenko & Sumner, 2002) . Accordingly, attention has shifted toward strategies to elevate HDL-C rather than to lower LDL-C as an adjunctive therapy to prevent and treat CAD.
It is well known that low level of HDL-C is an important and independent risk factor for CAD (Assmann & Schulte, 1992; Boden, 2000; Franceschini, 2001; Sharrett et al., 2001) . However, few available strategies are capable of significantly increasing HDL-C. Therefore, having strategies to increase HDL-C levels have become an important public health issue in preventive medicine.
There is consistent, substantial, and strong evidence that physical inactivity is a major health determinant for developing CAD (Whooley et al., 2008) . On the contrary, physical activities like aerobic or resistance training exert cardioprotective effects via decreased arterial blood pressure and body weight (Fagard & Cornelissen, 2007; Fontana et al., 2007 ; Joint National Committee on Detection, Evaluation and Treatment of High Blood Pressure, 1997) . Several studies have further demonstrated that aerobic training was effective in raising HDL-C levels (Banz et al., 2003; Tambalis, Panagiotakos, Kavouras, & Sidossis, 2009 ), but the results were inconsistent for resistance and combined exercise ). However, the influence of different types of exercise training (i.e., aerobic-, resistance-, or combined-exercise training) on HDL-C levels is still not fully understood and appreciated. The purpose of this study was to determine which www.IJSNEM-Journal.com ORIGINAL RESEARCH type of exercise training is more effective in increasing HDL-C levels.
Materials and Methods

Subjects
We conducted a 12-week, randomized controlled trial. Male volunteers age 18-29 years identified as having a body-mass index (BMI) of more than or equal to 27 kg/m 2 were recruited from the Chung Hua University in Taiwan. To reduce the influence of other confounding factors, subjects with cardiovascular disease, diabetes, liver dysfunction, renal impairment, and endocrine disorder, as well as smokers and those taking weight-loss pills, were excluded from the study. A total of 52 subjects were called to inquire about the study, but 7 of them did not meet the initial screening criteria. Therefore, 45 subjects who underwent laboratory screening were randomly assigned to an aerobic-training group (n = 11), a resistance-training group (n = 11), a combined-exercise-training group (n = 12), or a control group (n = 11). After that, 5 subjects dropped out of the study due to ill health, lack of available time, and family commitments. Therefore, 40 subjects-10 in each group-were taken to final evaluation (Table 1) . This study was approved by the institutional review board of Taipei Physical Education College, and informed consent was obtained from each subject after a full explanation of the study.
Training Programs
The exercise programs were conducted at the Fitness Center of Chung Hua University in Taiwan and progressed gradually in intensity (Figure 1) . Each of the sessions included a 10-min warm-up/cooldown and stretching period. The aerobic-training group performed 60 min/day, 5 days/week, from 15 min/session at 50-60% of maximal heart rate (HR max ) to 45 min/session at 60-70% of HR max during Weeks 1-12, as determined by using a walking treadmill exercise test. Heart-rate monitors (Polar Elector OY, Finland) were used to adjust workload to achieve the target heart rate. The resistance training group performed 60 min/day, 5 days/week, at 50-60% of 1-repetition maximum (1-RM) for three sets (12-15 repetitions) during Weeks 1-4, 60-70% of 1-RM for three sets (10-12 repetitions) during Weeks 5-8, and 70-80% of 1-RM for three sets (8-10 repetitions) during Weeks 9-12. The resistance training included both upper and lower body large-muscle exercises using weight machines (military press, leg extension, leg curl, chest press, biceps curl, arm flexion, arm extension, abdominal crunch, twisting oblique, and plantar/dorsiflexion). The combined-exercise-training group was separated into aerobic training (3 days of the odd week, 2 days of the even week) and resistance training (2 days of the odd week, 3 days of the even week). All subjects were asked during the 12 weeks not to change their dietary habits, and the control group was asked to not change their exercise habits and maintain normal activity.
Experimental Procedure
All subjects' age, gender, smoking habits, current alcohol use, and family history were recorded. Systolic and diastolic blood pressure were measured after a resting period of at least 5 min. During the 12-week exercise-training period, subjects were instructed to maintain their normal dietary and daily exercise habits. Subjects' anthropometric, hematological, and physical-fitness measurements were assessed at baseline and Week 12.
Fasting venous blood samples were collected into Vacutainer tubes (Becton Dickinson, Rutherford, NJ, USA) containing 0.1% EDTA as an anticoagulant, as well as into tubes without anticoagulant, as a means of estimating the hematological status at baseline and Week 12. Serum or plasma was separated by centrifugation at 2,500 rpm for 15 min and then stored at -20 °C until analysis. Hematological entities including fasting glucose, HDL-C, and triglycerides were measured using an automated biochemical analyzer. The analytical inter-and intra-assay coefficients of variation obtained in our laboratory were, respectively, as follows: fasting glucose, 2.3% and 1.4%; HDL-C, 4.8% and 3.4%; triglycerides, 1.3% and 0.7%.
Instruments
The National Physical Fitness Survey conducted by the National Council on Physical Fitness and Sports in Taiwan in 1999 and 2001 includes the main four components of physical fitness: cardiorespiratory fitness (3-min step test), muscle strength and endurance (sit-up), flexibility (sit-and-reach), and body composition (BMI). These measures were used to estimate the physical fitness for people age 6-65 years (Chen, Chuang, & Wu, 2008; Taiwan National Council on Physical Fitness and Sports, 1999, 2001 ) and taken by research assistants who had attended an official training seminar and pass a certification test on standardized procedures detailed as follows.
Cardiorespiratory Fitness. This component was measured by a standardized 3-min step test (step height of 35 cm and frequency of 24 steps/min). When the exercise was completed, the subjects were immediately seated and their heart rates were counted for 1 min, starting within 5 s of the end of the exercise. The sum of the heartbeats during the recovery period was compared with the sum of the heart rates during three periods after the test: 1-1.5 min, 2-2.5 min, and 3-3.5 min (Bosco & Gustafson, 1983; Heyward, 1991) . The test was terminated if a subject lost balance, missed the stepping rhythm for three steps, or reported any discomfort during the test (Wu, Chien, Chen, & Lien, 2000) . The cardiorespiratory endurance index (CEI) was calculated according to the method that assumes that CEI = duration of exercise (s) × 100/sum of heartbeats during the recovery period/2. Although maximal exercise testing is a sophisticated measure of cardiorespiratory fitness, it is not often feasible or desirable clinically.
Step tests, in contrast, are submaximal exercise tests and require minimal equipment. Previous studies have indicated that a wide variety of step tests (different step heights and different stepping rates) have been developed to estimate peak oxygen consumption (VO 2peak ) and have been shown to be reliable and valid measures of cardiopulmonary fitness (Siconolfi, Garber, Lasater, & Carleton, 1985; Watkins, 1984) . The 3-min step test used in our study was adapted from the Harvard Step Test, which assesses cardiorespiratory fitness based on the speed of heart-rate recovery from submaximal exercise. The CEI of the 3-min step test has been shown to be correlated positively (r = .50) with VO 2peak in healthy Taiwanese adults (Tsai, Chen, Tsai, et al., 2006) .
Muscle Strength and Endurance. Muscle strength and endurance were measured by the 1-min sit-up test, with the maximum number of sit-ups performed within a period of 1 min being recorded (Chen et al., 2002; Huang & Malina, 2002) . The subjects lay down on a mat with knees bent at right angles and hands behind the head. The ankles were firmly held by a partner for support and maintaining the counts. Yamamoto (2004) reported that the correlation between the number of sit-ups and maximal isokinetic muscle strength is also relatively high (r = .79); the results of 1-min sit-up testing are considered suitable for demonstrating training effects on abdominalmuscle endurance and strength.
Flexibility. Flexibility was measured by a sit-and-reach test protocol, which is scored as the most distant point (in cm) reached on the ruler with the fingertips (American College of Sports Medicine, 2003; Chen et al., 2002; Huang & Malina, 2002; Ozdirenc, Ozcan, Akin, & Gelecek, 2005) . The sit-and-reach box had a measuring scale where 30 cm was at the level of the feet. Before the test, shoes were removed and subjects were instructed to slowly reach forward, with their knees fully extended, as far possible on the scale.
Body Composition. We measured BMI and waist circumference in this study. BMI was calculated with the following formula: BMI = body weight (kg)/height squared (m 2 ). The values of height and body mass were recorded in meters to the nearest 1 mm and 0.1 kg with an electronic height-weight scale. Waist circumference was also measured to the nearest 1 mm with a flexible steel tape measure placed midway between the lowest rib and the iliac crest while participants were in a standing position at the end of an exhalation.
The content of the measures was explained to the subjects, and they had 10 min to prepare with a warmup so that their best performance could be achieved. Measures were scheduled in the morning before any other exercise. All measurements were conducted by the same well-trained investigator. Each measurement was obtained twice, and the average of the two values for each test was used.
Statistical Analyses
All analyses were performed using the SAS software package (Version 9.12, Statistical Analysis System, SAS Institute Inc., Cary, NC). Differences in the subjects' demographic data and the biochemical measurements between baseline and Week 12 were analyzed by a paired t test. Comparisons between differences of mean values of normally distributed variables between groups of exercise were tested using one-way analysis of variance (ANOVA). When a significant F value was found (p < .05), Tukey's post hoc test was performed to determine the differences between the pairs of means. Associations between changes in HDL-C and various physical-fitness components were examined using Pearson's correlations. Intervention effects were determined by generalized estimating equations for linear regression. Furthermore, multiple linear-regression analysis with HDL-C changes from baseline to Week 12 as the dependent variable was used to examine the association between intervention effects and HDL-C changes after adjustment for potential confounders. All data are expressed as M ± SE or frequency percentage. The significance level adopted to reject the null hypothesis was p < .05.
Results
No significant differences in age, height, weight, BMI, waist circumference, systolic or diastolic blood pressure, HDL-C, triglycerides, CEI, sit-ups, or sit-and-reach test among groups were noted at baseline (Table 1 ). The subjects in the combined-exercise-training group had significantly higher values (92.5 mg/dl) for fasting glucose than those in the aerobic-training (86.0 mg/dl) and control groups (87.3 mg/dl).
The differences in anthropometrics, blood biochemical variables, and physical-fitness components between baseline and Week 12 are presented in Table 2 . After 12 weeks, body weight, BMI, waist circumference, systolic and diastolic blood pressure, fasting glucose, and triglycerides had significantly decreased, and HDL-C, CEI, sit-ups, and sit-and-reach test had significantly increased in the aerobic-, resistance-, and combinedexercise-training groups. Furthermore, the ANOVA Table 2 showed significant mean group effects for changes in fasting glucose and triglyceride levels (p < .0001), and changes in fasting glucose and triglycerides decreased more in the combined-exercise-training group than in either the aerobic-or the resistance-training group (Table  3) . However, the changes in HDL-C are greater in both the combined-exercise-and aerobic-training groups than in either the resistance-training or control group; no significant differences in changes in HDL-C existed between combined-exercise-and aerobic-training groups. The Pearson's correlation coefficients between changes in HDL-C and physical-fitness components (i.e., CEI, sit-ups, sit-and-reach test, body weight, and BMI) were significant; among the aerobic-training group, the change in CEI was also positively associated with change in HDL-C (r = .76, p = .01; Table 4 ). In contrast, none of the correlation coefficients between changes in HDL-C and other physical-fitness components was statistically significant among other groups. Table 5 shows the multiple-regression results, in which the dependent variable was changes in HDL-C, and different types of exercise training were independent variables. Using the control group as the comparator, the changes in HDL-C were significantly and positively associated with combined-exercise (β = 4.17, p < .0001), aerobic (β = 3.65, p < .0001), and resistance (β = 2.10, p = .0001) training effects after adjusting for potential confounders.
Furthermore, to better understand the association between aerobic-and combined-exercise-training groups and the relation with changes in HDL-C, we then conducted a multiple-regression model using the aerobictraining group as the comparator (Table 6 ). The changes in HDL-C were significantly and positively associated with the combined-exercise-training group (β = 0.52, p = .03) and significantly and negatively associated with the resistance-training group (β = -1.55, p < .0001) and the control group (β = -3.65, p < .0001) after adjusting for potential confounders.
Discussion
These results demonstrated that the aerobic-training, resistance-training, and combined-exercise-training groups could all effectively increase their HDL-C levels. In addition, we found that aerobic training could increase HDL-C levels more effectively than resistance training, combined-exercise training could increase HDL-C levels more effectively than aerobic training, and these differences were all statistically significant (i.e., the combination of these two forms of exercise was superior to either type of exercise alone).
Our previous study suggested that, as opposed to a decrease in LDL-C levels, an increase in HDL-C could better prevent the occurrence of CAD (Huang et al., 2010) . Therefore, appropriate exercise can be included in the guidelines for the prevention of cardiovascular diseases. Previous meta-analytic work dealing with the effects of aerobic exercise on lipids found statistically significant increases in HDL-C of 2% in men (Kelley & Kelley, 2006) and 3% in women (Kelley, Kelley, & Tran, 2004) . However, Kelley and Kelley (2009) conducted another meta-analysis to evaluate the findings in 29 studies on cholesterol levels and resistance training, equivalent to weight training. They found overwhelmingly that resistance training did nothing to improve HDL-C levels (Kelley & Kelley, 2009) . Those studies by Kelley (2006, 2009) suggested that aerobic exercise may be a more appropriate type of exercise than resistance exercise for increasing HDL-C levels in adults. In our study, the ANOVA and post hoc test show that both of these approaches are potentially superior to resistance training alone, and all are better than the control group. The analyses presented in ANOVA do not support the statement that combined training is significantly more effective than aerobic training in improving HDL-C. However, when adjusting for the potential confounders in Table 6 , the results support the statement that combined training is significantly more effective than aerobic training in improving HDL-C.
In other previous studies, daily aerobic exercise is recommended as a key lifestyle factor for the prevention and treatment of CAD (Andersen et al., 2006; Thompson et al., 2003) . A meta-analysis indicated that aerobic training results in a 2.53-mg/dl elevation of net HDL-C (Kodama et al., 2007) , and each 1-mg/dl increment in HDL-C could result in a 2% and 3% decreased risk of CAD in men and women, respectively (Maron, 2000) . Kelly et al. (2004) compared the HDL-C level of 20 healthy overweight children and adolescents (BMI >85th percentile for age and gender) before and after an exercise program. They found that after 8 weeks, the HDL-C level of the exercising group significantly increased, and the difference was statistically significant, while that of the control group did not increase, which is consistent with the results of the current study. However, the average age of the subjects in Kelly et al.'s study was 11 years, both male and female subjects were enrolled, the experimental duration was 8 weeks of aerobic exercise, and confounders were not adjusted for during the analysis. In contrast to Kelly et al.'s study, the experimental protocol of the current study was 12 weeks of aerobic training, resistance training, and combined-exercise training, and the related confounders (e.g., age, BMI, waist circumference, systolic blood pressure, diastolic blood pressure, fasting glucose, and triglycerides) were also adjusted. Furthermore, the subjects in this study were male nonsmoking students age 18-29 (average age 22 years) with a BMI ≥27 kg/m 2 . Subjects of different age groups, gender, or BMI value can be investigated in future studies.
All the previous studies discussed showed that aerobic training could increase HDL-C level more effectively than resistance training, which is consistent with our study. Although the effect of aerobic training on HDL-C is well documented, less is known about the effect of combined training. The current study provides new data on how the combination of these two forms of exercise is superior to either type of exercise alone. Shaw, Shaw, Note. DBP = diastolic blood pressures; SBP = systolic blood pressures; β = regression coefficient. a Adjusted for age, HDL-C, waist circumference, SBP, DBP, fasting glucose, and triglycerides at baseline and change in body-mass index. Some related mechanisms were also proposed in the literature that may explain increases in HDL-C with exercise training. The proposed primary reason for the elevation in HDL-C is an increase in lipoprotein lipase activity in response to exercise. Lipoprotein lipase accelerates the breakdown of triglycerides, resulting in a transfer of cholesterol and other substances to HDL-C. In general, training has a positive effect on body composition. In addition, it is reported that resistance training increases lean body mass and aerobic training decreases body fat (Owens et al., 1999; Poehlman, Dvorak, DeNino, Brochu, & Ades, 2000) . In addition, the possible mechanisms that explain the improvement in the lipid profile include increased muscle and adipose tissue PPARγ and PGC-1a messenger-RNA expression after physical training, as demonstrated by Ruschke et al. (2010) . From the synergistic benefits and its mechanism viewpoint, how the combination of aerobic training with resistance training more effectively increases the HDL-C level deserves further investigation.
Several strengths and limitations should be considered with respect to the design and outcomes of this study. To our knowledge, this is the first study to examine whether aerobic, resistance, and combined-exercise training are differently effective in increasing HDL-C levels in a comparable population of obese male college students. At the least, very few studies have evaluated the relationship between aerobic-plus-resistance exercise and HDL-C among young people in Asia. Some limitations of this study include the small sample size, the lack of data with regard to women, and the lack of information on nutritional intake and daily activity throughout the study. A number of nonpharmacological therapies (such as weight loss and smoking cessation) to increase HDL-C levels have been reported in systematic reviews (Dattilo & Kris-Etherton, 1992; Khurana, Sharma, & Khandelwal, 2000; Maeda, Noguchi, & Fukui, 2003; Singh, Shishehbor, & Ansell, 2007; Weisweiler, 1987) . However, to minimize the influence of confounding factors, the subjects in this study were restricted to male nonsmokers, and BMI was included in the regression model. In addition, subjects were instructed to maintain their typical diet and activity during the course of this study. Health education on a proper diet was delivered to the four groups of subjects. Health education consisted of three lectures, one of them conducted by a physician, about the consequences of metabolic syndrome; one by a nutritionist about the caloric content of foods; and the last by a physical education teacher, about training context and test procedures. This study assumed that there were no differences in health education benefit among the four groups after the exercise program. To date, few studies have confirmed a particular diet or nutrient that could effectively increase HDL-C levels. Therefore, although dietary factors were not measured or adjusted for in this study, every effort was made to reduce their effect on the results to a minimum.
Previous studies have shown that younger and middle-aged adults in East Asian countries such as China, Japan, or Taiwan (especially in Taiwan) tend to have lower levels of physical activity than individuals in Western countries (Ku, Fox, McKenna, & Peng, 2006; Wai et al., 2008) . de Munter, van Valkengoed, Stronks, and Agyemang (2011) found the lack of association between total physical activity and HDL-C levels in Hindustani-Surinamese (South Asian origin) adults. Therefore, the lower levels of self-report physical activity may result in the smaller difference in HDL-C levels between groups on the floor effect, and it might not be the major contributor to raising HDL-C levels in the current study. Although it is possible that the differences observed among the aerobic-, resistance-, and combinedexercise-training and control groups over the 12 weeks occurred because of random variations resulting from a relatively small sample size, we do not believe this to be the case. According to previous studies (Sigal et al., 2007) , the means (SD) of the HDL-C for the aerobic, resistance, combined, and control groups were 42.8 (15.5), 42.9 (15.2), 43.8 (16.0), and 41.5 (13.5) mg/dl, respectively, after the 12-week exercise intervention. To achieve a power level of .8, 10 subjects per group were needed with a <.05. We therefore believed that a total of 40 subjects could detect the statistical relationship. However, the number of subjects could be increased to elevate the statistical power in future studies.
In conclusion, the data presented reveal that a shortterm exercise program can play an important role in increasing the level of HDL-C in obese male Taiwanese college students, especially in combined aerobic-and resistance-exercise training. It would therefore be appropriate to design larger trials to assess the effects of combination therapy on major clinical outcomes.
